We study the dependence of D, a quantity that has previously been associated with the fractal dimension of an atomic trajectory, on the time scale on which it is measured. Single-particle and relative trajectories are generated by molecular-dynamics simulations of Lennard 
I. INTRODUCTION
Recently, the trajectories of individual atoms in Auids have been analyzed with the goal of obtaining the fractal dimension [1] of the trajectory as a function of its duration. This dimension D is defined in terms of the length L and units of measure e as
L(e)=C e'
where Co is some constant factor. A variation of D with classifies the trajectory as being a multifractal with a geometry that is self-affine (as opposed to self-similar) [2] . Studies by Powles and Quirke [3] , Powles [4] , Rapaport [5] , and Toxvaerd [6] employed trajectories generated by molecular dynamics or Monte Carlo simulation; Brooks [7] and Toxvaerd [6, 8] explored the consequences of using a generalized Langevin equation (GLE) for the dynamics of a Auid atom. These studies have produced a picture of a particle whose short-time inertial behavior and long-time diffusive behavior are bridged by an extended crossover region, in which the trajectory dimension crosses from the inertial value of 1 to the Brownian value of 2. Fluid memory is important in determining the crossover behavior; in particular, the algebraic decay of velocity self-correlations at long times [9] produces a very slow approach to the Brownian limit [8] . Further, the Verlet parametrization [10] of the memory function was used in Ref. [7] to obtain values of D(t) & 2 for intermediate times. Here, we investigate a disagreement in the definition of "trajectory dimension" as calculated by previous authors; we continue to study the effect of memory friction; and we present molecular-dynamics results which characterize D as calculated in [7] and [8] for Lennard-Jones (LJ) atoms confined in idealized pores. This paper is organized as follows. In Sec. II, we review the definition of D(t) in terms of the velocity history of a particle. We point out that when D is calculated as in Refs. [7] and [8] , there is a relationship between the viscous and elastic time scales for a viscoelastic Quid and the asymptotic behavior D(t) as taboo. In Sec. III, we apply the calculation to a dense Quid in a microscopic pore, where the lack of macroscopic diffusion results in a trajectory dimension which increases without bound.
II. TRAJECTORY LENGTH AND THE GLE
Consider the motion of a Quid atom during a time interval of duration~,. During this time, the atom travels a mean distance e, which is imagined to be the smallest scale at which one can resolve segments of the atomic trajectory. The expected square of the displacement of the atom in this interval is e'= ( Ir(r, ) -r(0) I'), (2) where ( ) denotes an average over atomic trajectories. It is useful, both for comparison with scattering data and for studying model systems, to write e in terms of the velocity autocorrelation function (VACF), C"( t):-( v( t) v(0) ) I( v ), as [7, 8] e'= f 'dt f dt'C, (t') .
If one observes the trajectory for a time Y which is large compared to r" then the path length of Eq. (5) results. That is,
In the references mentioned above, Eq. (7) Refs. [7] , [8] , and [11] . The discrepancy between using Eqs. (7) and (8) to evaluate D may explain the fact that Ref. [4] , in which the latter definition is implicity used, finds that D crosses over logarithmically slowly to the Brownian value of 2, while Ref. [7] , which uses the former definition, finds a qualitatively different result -a much swifter crossover.
Though the definition of a fractal dimension which is a function of time seems to demand the use of Eq. (8) As a specific case, consider a viscoelastic medium modeled with the memory function mV= -m f dt'v(t t')M(t')+F(t-'), (14) 1 -sC"(s)=M(s)C, (s), (15) where -represents the operation of Laplace transformation. Equations (13) and (15) Thus there are two cases. If a&r" the trajectory exponent approaches the Brownian limit from below. This is the case of weak solvent memory, in which the rigidity modulus is less than the square of the relaxation frequency of the medium. If a (2, the trajectory exponent relaxes to D=2 from above. In this case, the solvent memory is strong; the time scale set by the rigidity is less than the relaxation time for this model solid. Figure 1 shows D (~) for a model tluid with inemory function given by Eq. (20) for these two cases. The monotonic increase of D~2 in the former case contrasts with the oscillation of D to a value near 3 in the latter. The small ratio of the elastic to viscous time scales (r, /V a=@'2) insures that oscillations in D are quickly damped; the particle will not be trapped for long times near its initial position. The behavior D &2 was noted in Ref. [7] and associated with long-lived memory e6'ects.
In some systems, such as fluids of repulsive spheres , a=2. 0; ---, a=0.5. [16] or LJ fluids at certain state points [17] , it is possible to observe a slowly decaying algebraic tail in the VACF which results form the slow decay of hydrodynamic modes in the fluid [18] . Whether or not this behavior will appear depends on the ratio of the diffusion constant p to the kinematic viscosity pT. If the ratio is large, then diffusive shear excitations will act back only weakly on a diffusing particle, and this tail will be suppressed [19] .
Further, a viscoelastic Quid, such as a simple liquid near its triple point, may fail to exhibit the algebraic tail (or rather, it makes a negligible contribution to the form of the VACF, because it has been shifted to very long times) due to the frequency dependence of the viscosity [20] . In such cases, we expect the analysis above to hold. Otherwise, a correction of ord(r ' ) may dominate the term G in Eq. (13) . For example, should the VACF exhibit an algebraic tail without caging, such as is the case at with hard spheres at low density [16, 21] and 2 (and over all particle labels). The prefactor -, ' is added so that the ordinate in the figure would correspond to t/3iz for a uniformly diffusing system with a pair diffusion coefficient /3,~. Figure 5 shows D(t) for these systems. As in Fig. 4(b 
